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Abstract 
Isolated rat parietal cells were used to investigate he role of intracellular Ca"" in the action of cAMP-dependent secretagogues and 
cross talk between cAMP- and Ca 2 +-dependent stimulator)' path'a ys. Aminop~ rine accumulation (an index of acid produced and trapped 
by the parietal cells), cytosolic free Ca-'-. morphological transformation and cell ".lability ".',ere u,,ed to inve:,tigate parietal cell function 
and stimulation. The increase of cTtosolic free Ca-` ~ promoted by gastrin, or ¢arbachol. was abolished by the intracellular Ca-'- chelator 
1,2-b is (2 -aminophenoxy)ethane-N.N.N ' .N ' - te t raacet ic  acid (BAPTA. I0 ,u..M). Al~o. the morphological transformations induced by 
dibutyryladenosine 3':5'-cyclic monophosphate (DBcAMP), gastrin, and Sp-adeno,me-cyclic-3',5'-monophosphothioate (Sp-cAMPS) 
were completely abolished by BAPTA (10 p.M). In aminopyrine accumulation the action of I mM DBcAMP was dose-dependently 
reduced by BAPTA. The Ca-'* ionophore x23187 alone, in the range of I pM to 1 /a.".,l, had no effect but it dose-dependently potentiated 
the action of I mM DBcAMP in aminopyrine accumulation. The inhibitory action~, of BAPTA on DBcAMP- and histamine-r,timulated 
aminopyrine accumulation were dose-dependently reversed by A23187. Histamine-,timulated protein kinase activity ant~ viability 
parameters a cellular lactate dehydrogenase (LDH) and trypan blue exclusion ,xere not changed by BAPTA. These results indicated that 
in isolated parietal cells: (I) the action of cAMP-dependent secretagogues in aminopyrine accumulation a d morphological transt~.rmation 
are dependent on cytosolic free Ca-'+; (2) Ca2*-induced morphological transformation is essential for aminopyrine accumulation; (3) a 
threshold level of one second messenger is required for stimulation of ammop~rine accumulation by the other second messenger. 
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1. Introduction 
In different secretory cells, a Ca2+-dependent secretory 
response can be achieved through different intracellular 
events: (1) activation of Ca2Vcalmodulin-dependent 
mechanisms [1,2]; (2) stimulation of a membrane-associ- 
ated Ca2+-dependent phospholipase A2 and phospholipase 
C [3,4]; (3) reorganization of the cytoskeleton [5,6]; (4) 
Ca" +-activated ion conductances [7]. 
Intracellular Ca 2+ has been demonstrated to be required 
for stimulus-secretion coupling in parietal cells [8-10] and 
the activation of an endogenous Ca-'+/calmodulin-depen - 
dent phospholipase A2 which stimulated fusion of H,K- 
ATPase-containing membrane vesicles [1 I]. Acid secretion 
in vivo is stimulated by three classical stimulants, his- 
tamine, gastrin, and acetylcholine [12]. The effect of his- 
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tamine in parietal cells is achieved via the activation of a 
specific histamine H-`-receptor which in turn stimulates 
adenylate cyclase and results in the elevation of intra- 
cellular cAMP [13], whereas the actions of gastrin [8,14.15] 
and acetylcholine [16] are mediated by the increase in 
cytosolic free Ca-'-, cAMP modulates parietal cell function 
through protein kinase A. which by. as yet unknown 
mechanisms, activates the proton pump. the H,K-ATPase. 
Both gastrin [8"14,15] and carbachol [16,17]. and more 
variably even histamine [9], increase cytosolic free Ca 2-. 
The specific roles of intracellular Ca -~ - is still unclear, The 
mechanisms of potentiation between cAMP-dependent sec- 
retagogues (like histamine) and Ca-`'-dependent secreta- 
gogues (like gastrin or carbachol) have not yet been fully 
understood. 
In rat parietal cells, ( I ) gastrin acts directly on the cells 
by potentiating the action of histamine in aminopyrine 
accumulation [18]: (2) gastrin is as efficient as histamine in 
inducing morphological translk)nnation [19]: (3) sccreta- 
13a 
gogues thal elevate cytosolic free Ca 2~. like gastrin and 
carbachol, require a certain cAMP level to be effective in 
stimulating aminopyrine accumulation [20]. Thus. cAMP 
seems to be essential atso in CaZ'-dependent s imulation. 
An increase of basal cytosolic free Ca z+ might not be 
necessar3' for hydrochloride acid formation per so. since 
DBcAMP. which is a potent secretagogue [18]. causes no 
change in Ca :~ [9]. Carbachol. on the other hand. which 
c~,se~; the largest incrt.ase of cytosolic frec Ca -~- but no 
increa~,e of cAMP [21]. is a -ather weak stimulant of acid 
production in vitro [9]. In the present investigation, we 
provide evidences indicating that a threshold level of basal 
Ca ''~ is required for the parietal cells to be stimulated both 
morphologically and functionally (aminopyrine accumula- 
tion) by various secretagogues. 
2. Materials and methods 
2. I. Chemicals 
Bovine serum albumin "3SA. fraction V), 4-(2- 
hydroxyethyl)-I-piperazine-ethanesulfonic acid (Hepes). 
and ionophore A23187 were from Boehringer (Mannheim. 
Germany). Histamine dihydrochloride, disodium salt of 
,B--glycerophosphate. thylene glycol bis(,B-aminoethyl 
ether)-N.N,N',N'-tetraacetic a id. histone III-S. 3-iso- 
butyl-l-methylxanthine (IBMX), dibutyryladenosine 3':5'- 
cyclic monophosphate (DBcAMP) were from Sigma (St. 
Louis, MO, USA). The disodium salt of ethylenedinitrilo 
tetraacetic acid (EDTA) was from Merck (Darmstadt. Ger- 
many). Dithiothreitol (DTT) was from Bio-Rad Laborato- 
ries (Hercules, CA, USA). Synthetic rat gastrin-17-I was 
from IAF BioChem (Quebec, Canada). Ranitidine hydro- 
chloride (ZANTAC ~') was from Glaxo (Middlesex, UK). 
[dimethylamine-14C]Aminopyrine (sp cific activity: 103 
mCi/mmol) and [',/-32p]ATP (specific activity: 3000 
Ci/mmol) were from Amersham (Buckinghamshire. UK). 
Fura-2/AM and BAPTA/AM were from Molecular 
Probes (Eugene, OR. USA). Silicon oil was from Wacker- 
Chemie (Munich, Germany). Scintillation cocktail INSTA- 
GEL z was from Packard (Downers Grove. IL, USA). The 
sodium salts of Rp-adenosine-eyclic-3'.5'-monophos- 
phothioate (protein kinase A inhibiter) [20] and Sp-adeno- 
sine-cyclic-3',5'-monophosphothioate (pro in kinase A ac- 
tivator) [20] were from BioLog (Bremen. Germany). Glu- 
tardialdehyde was from Bio-Rad (Cambridge, MA. USA). 
Epon, and OsO 4 were from AGAR Scientific (Essex, UK). 
All other chemicals were of reagent grade and commer- 
cially available. A stock solution ol I mM rat gastrin-17 
was prepared in 50% (v/v)  in dimethylsulfoxidc (DMSO). 
A stock solution of I mM A23187 was prepared in pure 
DMSO. BAPTA was prepared freshly at l0 mM with 50% 
DMSO. Controls were run with the final concentrations of 
DMSO used in the experiments. They did not give values 
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different from those obtained with incubation medium 
only. All other chemicals were dissolvCA in filtered, deion- 
ized, and UV irradiated water (Seralpur). Dilutions were 
made with incubation medium (see below). 
2.2. Solutions 
Medium A: 132 mM NaCI, 5.4 mM KC1. I mM 
NaH,PO4. 5 mM Na2HPO 4, 1.2 mM MgSO 4, 2 mM 
l.-isoleucine. 11 mM glucose. 0.2% (w/v )  BSA, and 1 
mM CaCI 2. Medium B: 0.75 mM sodium pyruvate in 
PBS. Medium C: 1.2 mM NADH in I% (w/v )  NaHCO 3, 
This medium was made up freshly. 
With the exception of Mediums B and C. all solutions 
were equilibrated with 100% oxygen before use. The pH 
of all solutions was 7.4 at 37°C, and was adjusted with 
NaOH. 
2.3. Cell isolation 
P,~ , ~ously described procedures were followed for iso- 
httion of mucosal cells from rat oxyntic mucosa [18]. The 
percentage of parietal cells was 25-30% resulting from the 
enzymatic treatment of rat oxyntic mucosa. 
2.4. Enrichment of  parietal cells 
Enrichment of rat parietal cells to 65-75% was carried 
out by centrifugal elutriation as previously described [18]. 
2.5. Assay of  o'tosolic free Ca" + 
Changes in cytosolic free Ca -'+ were registered by 
means of the fluorescent indicator Fura-2 as previously 
described [15,22]. Briefly, freshly isolated and enriched 
parietal cells were incubated in medium A containing 1 
/zM Fura-2/AM for 30 min at room temperature. The 
cells were then incubated with medium without Fura- 
2 /AM for 10 rain and washed twice by low-speed centrif- 
ugation. The cells were then resuspended in the same 
medium at a density of 0.5. l0 s cells/ml and stored at 
room temperature until used. Similar and reproducible 
results were obtained in cells used within I h which was 
the longest time tested, in the conditions where 
BAPTA/AM were included, the cells were preincubated 
with 10/.tM BAPTA/AM for 15 rain at room temperature 
prior to the registration of the Ca 2+ signal. To measure 
cytosolic free Ca-'-, 2 ml of the cell suspension was 
transfecred toa disposable acrylic euvette which was placed 
in a Hitachi F-4000 spectrofluorometer. I'he fluorescence 
was measured at 340/510 nm (excitation/emission wave- 
lengths) at room temperature. The cytosolic free Ca 2+ 
concentration ([Ca2+]) was calculated as described [15] 
but using the dissociation constant reported by Shuttle- 
worth and Thompsov [23]. 
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2.6. Aminopyrine accumulation 
The acid produced and accumulated into the acidic 
spaces of the parietal cells was estimated by the accumula- 
tion of the weak base [~*C]aminopyrine as described [24]. 
Briefly, 5. 104 enriched parietal cells were incubated in 
200 p.I medium A, I p,M [~aC]aminopyrine, and the 
indicated compounds (when BAPTA/AM were included. 
the cells were always preincubated with 113 p.M 
BAPTA/AM for 15 min at room temperature prior to the 
addition of other compounds). The incubations were car- 
ded out in polypropylene vials under an atmosphere of 
humidified oxygen at 37°C in a shaking water bath (120 
strokes/min) for 60 min. Thereafter, each incubation mix- 
ture was layered on top of a 100-/zl cushion of silicon oil 
(density = 1.03 g/ml) in a 400 /xI-Microfage tube and 
centrifuged at 8000 × g for 15 s in order to separate the 
cells from the incubation medium. The tip of the tube 
containing the cell pellet was cut off and transferred to a 
vial containing 3 ml scintillation cocktail. The cell pellet 
was dissolved and the radioactivity trapped by the cells 
was determined in a scintillation counter. 
2. Z Electron microscopy and morphometric analysis 
Previously described procedures were followed for the 
electron microscopy study [19]; in order to eliminate any 
interference by endogenous histamine [25] 100 p.M rauit'- 
dine was included throughout cell isoiatiu~i, enrichment, 
and all the incubation procedure. Briefly. one million 
enriched parietal cells were incubated with desired com- 
pounds for 60 min at 37°C in a shaking water bath under 
an oxygenated atmosphere. In the conditions which 
BAPTA/AM or Rp-cAMP were included, the cells were 
always preincubated with 10 p.M BAPTA/AM or 100 
/.tM Rp-cAMP for 15 min at 37°C prior to the addition of 
other compounds. Thereafter, the cell suspension was 
transferred to I ml of an ice-cold solution of phosphate 
buffered saline (PBS), pH 7.4, containing 5% (v/v) glu- 
taraldehyde and fixed for 15 min at 0°C. The cells were 
then kept in the same medium at 4°C until processed 
further 4-7 days later. Cells from four independent cell 
preparations incubated under identical conditions were 
pooled; they were cenmfuged, washed with PBS, post-fixed 
in 2% (w/v) OsO.~. and dehydrated in graded series of 
ethanol. They were then embedded in Epon. ultrathin 
sections were cut, stained with uranyl acetate and lead 
citrate [26], and investigated in a JEOL-100B electron 
microscope. 
Microgmphs flora ten randomly chosen sectio,'~s from 
each incubation condition were analyzed. The total cell 
volume and the volume comprised by canaliculi and/or 
vacuoles were estimated by using a point grid overlay as 
described by Weibel [27]. The number of points within the 
cells were then considered to represent the cell volume and 
similarly, the number of points on canaliculi/vaeuoles 
were considered to represent the canalicular/vacuolar vol- 
ume. Canalicular and/or vacuolar spaces of < 200 nm at 
their longest cross-section were not considered in the 
calculations to avoid counting small vacuoles in non- 
parietal cells. 
2.8. Determination of  cell ciability 
2.8.1. Protein kinase assay 
Enriched parietal cells ((2-4). 105 cells in 100 /.tl) 
were incubated with desired compounds for 15 rain at 
37°C. At the er+d of incubation time, 100 p.I of ice cold 
hypotonic medium (2 mM EDTA in H_~O~ ° was added. The 
ce!!~ were rapidly ,,onicated (3 × 30 s) and vortexed briefly 
and 50 ,ttl ice-cold assay buffer (250 mM /3-glycerophos- 
phate, 10 mM Mg-acetate. 1 mM EGTA, 5 mM dithio- 
threitol) wa~ added. The samples were centrifuged for 10 
min at 50000 X g at 4°C. The clear supematant was 
quickly removed and divided into aliquots. Phosphoryla- 
tion of histone by protein kinase was earned out in a 
reaction mixture (75 #1) containing 45/11 supematant, 40 
btg histone Ill-S, 100 p,M ['F-3-'P]ATP (0.2 p, Ci/incuba- 
tion), and 0.5 mM EGTA, 27 mM fl--glycerophosphate, 2 
mM Mg-acetate, and 0.5 mM dithiothreitol. The incuba- 
tions were started by the addition of AT32P. After 10 min 
incubation 50 /zl of incubation medium was spotted onto 
Whatman 3MM paper (2.5 x 2.5 cm), washed 5 times (15 
min) with ice cold washing buffer (5% TCA/50 mM 
phosphoric acid) in a metal cage placed in a beaker under 
slow magnetic stirring, and then washed once with 95% 
ice-cold ethanol (5 rain). The Whatman papers were air 
dried and Cerenkov radiation counted. 
2.8.2. l, zlctate dehydrogenase (LDH) assay 
50 000 enriched parietal cells were incubated for 60 min 
in 150 /.tl medium A containing file indicated compounds. 
The incubation medium containing cells were then tm,'z.~- 
ferred to Eppendoff tubes, and centrifuged for 3 min at 700 
r.p.m, in a Heraeus table-top centrifuge. Both cellular LDH 
and enzyme released to medium was measured. For re- 
leased LDH, 100 p,l of supematant was transferred to an 
Ellerman tube and diluted to 160 /zl with Medium A 
containing I% (v/v. final) Triton and I% (v/v, final) 
BSA, For cellular LDH, 50 p,l of the remaining medium 
containing cells was diluted to 160 /zl with Medium A 
containing lC/c (v/v, final) Triton and I% (v/v, final) 
BSA. The samples were pipetted up and down several 
times and incubated for 10 rain at 37°(2 and then trans- 
feted to a ')6-well microptate. An aliquot of 40 p,I of a 
I:1 mixture of Medium B and Medium C was added for 
the registration of the LDH activity in a Microplate Reader 
(from Molecular Devices, Menlo Park, CA, USA). The 
OD+4o was measured every l0 s for 3 rain. The OD34o/min 
was ca!c'_'!~ted in the linear range. 
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2.8.3. Tr3'pan blue dye exclusion 
Trypan blue dye exclusion was also used to estimate the 
parietal cell viability. About 20000 enriched parietal cells 
were incubated in 50 #l medium A containing desired 
compounds for 60 min at 37°C. The cells were then 
suspended and mixed with equal volume of 0.16% (w/v )  
trypan blue. Percentage of blue (leaky cells) and non- 
stained cells (viable cells) were counted under a light 
microscope. 
2.9. Presentation of  data 
The incubations were performed in triplicates 
(aminopyrine accumulation assay) or duplicates (for pro- 
tein kinase assay) and their mean value was used for the 
calculations. The basal arninopyrine accumulation was sub- 
tracted from all values obtained in each cell preparation 
and the data were then expressed as the percentage of the 
response obtained with 100 /xM histamine or I mM 
DBcAMP. This allowed the inclusion of data from differ- 
ent cell preparations independently of the absolute magni- 
tude of the response. However, the molar accumulation of 
[ l '~C]aminopyrine/10 + parietal cells for the reference val- 
u,,s is included. Statistical analysis of the data was per- 
formed by using analysis of variance (ANOVA). A Tukey 
HSD test was used for post-hoe comparison of  the means; 
P < 0.05 was considered to be significant. The data are 
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presented as means + SE of the values obtained in the 
indicated number of independent cell preparations (n). In 
the aminopyrine accumulation assay, a potentiation was 
considered to occur when the accumulation elicited by a 
certain combination of agents was significantly greater that 
the sum of the aminopyrine accumulation brought about by 
each one of the agents. 
3.  Resu l ts  
3.1. Assay of  c:vtosolic free Ca" + 
In all the assays performed with the addition of 10 /~M 
BAPTA in enriched parietal cells, the basal concentration 
of cytosolic free Ca 2+ was decreased about 12+3% 
compared with the co::ditions without BAPTA (P  < 0.01). 
Rat gastrin-17, at 100 nM, initially induced a 48 + 5% 
increase in cytosolic free Ca 2÷ while the initial increase 
caused by l0 /~M carbachol was 86 + 1 I% (Fig. l). Both 
gastrin and carbachol caused an initial rapid increase in 
cytosolic free Ca 2÷ which declined to a sustained 
suprabasal level within 2 -3  min. The Ca 2+ signals in- 
duced by 100 nM rat gastrin-17 and 10 /xM carbachol 
were abolished completely by the inclusion of  l0 /.tM 
BAPTA. 
so 
t 0!1 i 
02 
10 I.tM ~carbaehol 
100 nM ~ gastrln-17 
I I 
1 rain 
+BAPTA 
10 IlM ~arbachol 
I 1 rain I 
+BAPTA 
100 nM i~a gastrm-17 
+6 
Fig. I. Changes in cytosolic free Ca ~+ in enriched rat parietal cells. Aliquots containing approximately I - IO ~' cells were incubated with incubation 
medium to obtain the basal fluorescence values. The basal cylosolie free Ca -~+ was significantly reduced by 5 p.M BAPTA (P < 0.01 ), they were 92 5= 5 
nM in normal ceils and 82 + 3 nM when ceils have been preincubated with BAPTA. When indicated by arrows, compounds were added and the 
fluorescence was recorded. Cytosolic free Ca -'+ concentration was determined as described in Section 2. The traces correspond toone representative 
experiment out of five separate observations. 
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Fig. 2. Effects of DBcAMP in the absence and in the presence of gastrin and ,UAPTA on aminopyrine accumulation i enriched rat parietal cells (70 4- 5% 
parietal ceils, u = 5). After subtraction of the basal aminopyrine accumulation, data were expressed as percentage of the response obtained with I mM 
DBcAMP. Values of aminopyrine accumulation atbasal condition (0c,'~). with 100 nM gastrin-17 and in the reference (100c~) were 0.09 + 0.01, 0. I + 0.02 
and 4.15 4- 1.3 pmol [14C]aminopyrine/104 ratparietal cell:., respectively. " " P < 0.01 and " " " P < 0.001. significance of the indicated ifferences. 
Data are means 4- SE. 
3.2. Aminopyrine accumulation 
Rat  gast r in -17 (1O0 nM)  potent iated the act ion o f  I mM 
DBcAMP by 44% (P  < 0.01, F ig.  2). The  combined  ef fect  
o f  DBcAMP and rat gastr in -17 was  abo l i shed  complete ly  
by 10 /zM BAPTA (P  <0.001) ,  
The  intracelh l lar  Ca  -'+ chelator  BAPTA do~-depen-  
dent ly  inh ib i ted aminopyr ine  accumulat ion  e l ic i ted by I 
120 1 XXX 
• ~ ~ 100-] I xxxq  .~< ! r 
~ ,04 T 
"" ~40 
- , 
0.1 1 10 |00 $ ,~4 A2JI87 I mM DIIgAMP t mM DIkAMP 
.s~MsArrA . s~ sArrA 
BAPTA (gM) . . . . . . . .  
Fig. 3. Dose-dependent i hibition of BAPTA on DBcAMP 11 mM) stimulated amiL,opyrine accumulation i enriched rat parietal cells 167 + 2% parietal 
cells, n = 5). The effect of 5 /.tM A23187 on the aminopyrine accumulation elicited by 1 mM DBcAMP plus 5 p,M BAPTA is also indicated. After 
subtraction of the basal aminopyrine accumulation, data were expressed as percentage of the response obtained with 1 mM DBcAMP. Values of 
aminopy.'ine aecumnlation atbasal condition (0%) and in the reference (100C/c) were 0.11 + 0.02 and 4.23 + 1.5 pmol [14C]aminopyrine/104 rat parietal 
cells, respectively. "" P < 0.01 and "" " P < 0.001. significantly different from value obtained with I mM DBcAMP. xxx p < 0.091. significantly 
different from value obtained with indicated conditions. Data are means 4- SE. 
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Fig. 4. Dose-response curve for A23187 in the absence and in the presence of 1 mM DBcAMP on aminopyrine accumulation i enriched rat parietal cells 
(70_+ 2~c parietal cells, n = 5). In the left hand panel. 100 btM rani'tidine was included in the medium in order to prevent any possible effect by 
endogenous histamine. The effect of I #M A23187 on the aminopyrine accumulation elicited by 100 #M histamine without ranitidine is also indicated in 
the right-hand side of the figure. After subtraction of the basal aminopyrine accumulation, data were expressed as percentage of the response obtained with 
I mM DBcAMP. Values of aminopyrine accumulation at basal condition (0%) ano in the reference (100%) were 0.12 +0.02 and 4.51 + 1.6 pmol 
[14C]aminopyrine/10 "~ rat parietal cells, respectively. " P < 0.05. " " P < 0.01 and " " * P < 0.001, significantly different from value obtained with 1 
nh'Vl DbcAMP. xxx p < 0.001, significantly different from value obtained with indicated conditions. Data are means 5: SE. 
2~0 250 
200 
.< 
" i  ~ 150" 
~ 
"g loo- 
• ~ 50-  
~g 
.< 
J 
*** 
T 
+ 1 mM DBcAMP 
+ 5 ttM BAPTA *~J"  [-'- XXX --~ .151 
i i 
0[1 . . . . . . . .  t . . . . . . .  ! ;  . . . . . . . . . . . . . . . . . . .  
DBCAMP ÷ * S ~ A23187 
A23187 (gM) . . . . . . .  
.100 
Fig. 5. Dc, se-dependent response of A23187 on BAPTA (5 p,M) inhibited aminopyrine accumulation elicited by 1 mM DBcAMP in enriched rat parietal 
cells (69 + 2% parietal cells, n = 5). The effects of 5 #M BAPTA or 5 /zM A23187 on the aminopyrine accumulation elicited by I mM DBcAMP are also 
indicated. After subtraction of the basal aminopyrine accumulation, data were expressed as percentage of the response obtained with 1 mM DBcAMP. 
Values of aminopyrine accumulation atbasal condition (0%) and in the reference (100%) were 0.11 5:0.03 and 3.99 + 1.2 pmol [J:C]aminopyrine/lO '~ rat 
~ arietal cells, respectively. "" P < 0.01 and " ' "  P < 0.001, significantly different from value obtained with 1 mM DbcAMP + 5 /.~M BAPTA xx < . . -  . P 0.001. s]gnmcantlv different from value obtained with indicated conditions. Data are means + SE. 
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mM DBcAMP (Fig. 3). Fifty percent inhibition by BAPTA 
was observed at 1 p.M. At 10 p.M, BAPTA abolished the 
DBcAMP-stimulation. The inhibitory action of  5 p.M 
BAPTA on DBcAMP (i  mM)  st imt:ated aminopyrine 
accumulation was overcome by in,:lusien of  5 /,tM ~)f the 
Ca-'+-ionophore A23187 tn the medium, 
The Ca'-'" ionophore A23187 alone, in the presence of  
100/xM rar, itidine, did not stimulate aminopyrine accumu- 
lation (Fig. 4). When added together with the maximal ly 
effective concentration of DBcAMP (I  mM),  A23187, in 
the presence of  100 p.M ranitidine, potentiated the action 
of  DBcAMP in a dose-dependent manner within the tested 
range 0.l nM-I  /zM. In these experiments (five cell prepa- 
rations) A23187, at I nM and 1 /xM, plus 1 mM DBcAMP 
gave 25% (P<0.05)  and 128% (P<O.O01)  higher 
aminopyrine accumulation, respectively, than that obtained 
with DBcAMP alone. The magnitude of  stimulation of  the 
aminopyrine accumulat ion with 100 ,o,M histamine 
equalled the stimulation with I mM DBcAMP.  A23187. at 
I gM further potentiated this histamine-stimulation by
68% (P  < 0.001). 
BAPTA (5 /zM) inhibited 70% of  DBcAMP (1 raM) 
stimulated aminopyrine accumulation whereas A23187 po- 
tentiated the action of  I mM DBcAMP by 100% (Fig. 5). 
The inhibitory action of BAPTA (5 /.tM) oa DBcAMP (1 
mM)  stimulated aminopyrine accumulation was dose-de- 
pendently reversed by the Ca ~-~ ionophore A23187. 
Table 1 
Morphometric ana!y,.is of parietal cells 
lncubati,, ~ conditions c~ of cell volume occupied by canaliculi/ 
vacuoles 
control with BAPTA 
Basal I.I +_0.7 not tested 
1 mM DBcAMP 6.3+_2.2 (P < 0.05) 0.84-0.7 
100 btM Sp-cAMPS 174-3.5 ( P < 0.001) I 4-0.6 
100 nM rat gastrin-17 22 ~ (P < 0.001 ) 1.3+_0.9 
I00 nM rat gastrin- 17 + 19.6 4-..s,.2 not tested 
IO0,uM Rp-cAMPS 
Cells from fi)ur preparations (67 + 3% parietal cells) isolated and enriched 
using the standard procedure (see Section 2). All the incubations were 
performed m the presence of 100/.tM ranitidine. Cell volume and volume 
occupied by canaliculi/vacuoles were estimated by a point-count method 
in micrographs from In randomly chosen sections from each incubation 
condition. 
P denotes lexel of significance of control conditions vs. BAPTA eondi- 
tioas. 
J Our pre,:ious observation [19]. 
Maximally histamine-stimulated (100 p,M) aminopy- 
rine accumulation was inhibited 88% by BAPTA (5 p,M) 
whereas A23187 potentiated the action of  100 p.M his- 
tamine by 175% (Fig. 6). The inhibitory action of  BAPTA 
(5 P.M) on histamine-stimulated (100 /J,M) aminopyrine 
accumulation was dose-dependently reversed by A23187. 
'I L . . . .  , ~ 25 *** 
~~ 
~1 ,~ 2 ** 
.E ? ,,/ ,i, jom 
Eg 
< 
i , . . . . . . . .  , . . . . . . . .  , ~ - -  
0.1 t tO IOOgM lllO ,LM 1(I0 labl I ! ~  
.tO@ 
-0 
Fig. 6. Dose-dependent response of A23187 on BAPTA (5/.tM) inhibited aminopyrine accumulation elicited by 100 p-M histamine m enriched rat parietal 
cells (70 -I- 2cb parietal cells, n = 5). The effects of 5 gM BAPTA or 5 ,uM A23187 on the aminopyrine accumulation elicited by 1100 p.M histamine are 
also indicated, After subtraction of the basal aminopyrine accumulation, data were expressed as percentage of the response obtained wi:h 100 ,aM 
histamine. Values of aminopyrine accumulation at ba.;al condition (0%) and in the reference (100%) were O.II :,t:0.02 and 3.68+ I.I pmol 
[14C]aminopyrine/104 rat parietal cells, respectively. "" P<0.01 and " ' "  P< 0,001. significantly different from ",alae obtained with 100 btM 
histamine +5 /..tM BAPTA. xxx p < 0.001. significantly different l¥om value obtained with indicated conditions. Data are means 4- SE. 
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.=~ 
N 
I 
*** 
Basal 10 ~M BAPTA 
- -1  I 
N 
100 laM Histamine 100 ItM Histamine 
+ 10 ~M BAPTA 
Fig. 7. Effects of BAPTA (10 .uMI on basal and histamine (100 ,uM) stimulated protein kinase activity in enriched rat parietal cells (73.5: 2c~ parietal 
cells, n = 51. After subt~'action of the unspecific activity, data were expressed aspercentage ef the response obtained with 100 #M histamine. Values of 
histone phosphorylatioa at basal condition and in the reference (h')0~) were 19.73 + 4.16 and 43.3 _+ 5.6 pmo132p/10 ¢1 cells/rain (transferred to I mg 
histone). " " " P < 0.001. significance of the indicated differences. Data are means _+ SE. 
3.3. Morpho log ica l  changes  
Enriched rat parietal cells (67 __+ 3c~) from five indepen- 
dent preparations were analyzed. At ba~al conditions, pari- 
etal cells showed a morphology which is characteristic of
the resting state: the volun'le which was occupied by 
canaliculi/vacuoles ( > 200 rim) was 1.1% of the total cell 
volume (Table I). When the cells were incubated with 1 
mM DBcAMP. or with 100 ,u,M Sp-cAMPS, the canali- 
cult/vacuoles volume was increased to 6.3% and 17% of 
the total cell volume, respectively; the inclusion of 10 p,M 
BAPTA together with either one of these two stimulants 
reduced their canaliculi/vacuoles volume to 0,8% and 1% 
of the total cell volume, respectively. When the cells were 
incubated with 100 nM rat gastrin-17 and 10 /.tM BAPTA, 
the canaliculi/vacuoles volume was decreased from about 
22% to 1.3% of the total cell volume. 100/xM Rp-cAMPS 
did not significantly inhibit the rat gastrin-17-induced (100 
riM) morphological changes, the canaliculi/vacuoles vol- 
ume was 19.6% of the total cell volume. 
3.4. Ce l l  ¢,iability 
To clarify further to what extent BAPTA affect parietal 
cell function, its effect on cAMP-dependent protein kinase 
(defined as histamine-stimulated protein kinase activity) 
was determined. BAPTA (10 /zM) did not alter the basal 
protein kinase dependent phosphorylation (Fig. 7). Upon 
stimulation with histamine (100 ~M) the phosphorylatior: 
was more than doubled compared with basal. The his- 
tamine-dependent protein phosphorylation was not reduced 
by the inclusion of BAPTA (10 ttM). 
To discard an action of BAPTA on cell integrity, the 
release of the intracellular enzyme lactate dehydrogenase 
(LDH) into the incubation medium after 60 min was 
determined. The observed values for LDH activity in the 
medium were (% ,of total LDH activity): 5.95 at basal 
condition, 4.2 in the presence of 10 p,M BAPTA, and 5.9 
in the presence of I mM DBcAMP plus 10 p,M BAPTA. 
Thus, cell integrity was not affected at any of the incuba- 
tion conditions tested with BAPTA. 
As an alternative viability assay trypan blue exclusion 
was used. The viable cells (non-staining cells) were: 94% 
at basal condition, 95.8% in the presence of 10 p,M 
BAPTA, and 94,1% in the presence of I mM DBcAMP 
plus 10 p,M BAPTA. Thus. cell viability was not altered at 
any of the incubation ,conditions tested with BAPTA. 
4. Discussion 
Interactions between Ca 2+ and cAMP messenger sys- 
tems in different secretory cells have been discussed 
[28.29]. In parietal cells the activation of cAMP-dependent 
stirnulatory pathways stimulates acid secretion which in 
isolated cells usually is measured as aminopyrine accumu- 
lation. Maximal stimulation, however, requires an addi- 
tional increase of cytosolic free Ca 2+ in which Ca -'+ 
seems to cross-talk with cAMP-pathways to further stimu- 
late aminopyrine accumulation, cAMP has been claimed to 
be essential in receptor-mediated cell activation [30,31] 
and a certain basal level of cAMP appears required for the 
parietal cells to be stimulated by Ca2+-dependent secreta- 
gogues in the aminopyrine accumulation assay [20,32]. In 
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the present report we provide evidences that basal cytoso- 
lic free Ca -'+ is also important for the parietal cell activa- 
tion through the cAMP pathways. 
Low and variable Ca -~÷ signals have been reported to 
occur in pig [21] and rabbit [8] parietal cells upon addition 
of histamine. In our experiments with rat cells, however, 
no Ca 2÷ signal is observed after addition of the cAMP-de- 
pendent secretagogues hi tamine or DBcAMP (not shown). 
Carbachol and gastrin, on the other hand, cause no in- 
crease in cAMP [21] but increase cytosolic free Ca-". The 
Ca 2÷ increase induced by carbachol and gastrin were 
abolished completely by 10 p,M BAPTA. BAPTA was 
reported to inhibit the action of Ca"+-dependent secreta- 
gogues, like gastrin [8] and carbachol [10]. but not the 
action of DBcAMP [10] and 8-Br-cAMP [8] in aminopy- 
rine accumul~,tion. Although histamine and forskolin, too, 
appear in some reports to promote a small Ca'-"  increase 
in rabbit gastric glands [8,10], the action of both com- 
pounds was just marginly reduced by BAPTA in aminopy- 
rine accumulation [8,10]. Unlike these results from isolated 
rabbit glands, in isolated rat parietal cells, as shown in the 
present investigation. BAPTA significantly inhibited not 
only the potentiating effect by gastrin but also the action of 
DBcAMP. in the work reported by Negulescu et al. [10] 
the concentrations of intracellular BAPTA after loading 
with I p,M and 10/.tM of BAPTA/AM were estimated to 
be 45 p,M and 450 p,M, respectively. With such intra- 
cellular concentrations of BAPTA the cytosolic free Ca 2" 
would be expected to be buffered. In our experiments he 
basal levels of Ca-'* were significantly reduced by the 
addition of 10 p.M BAPTA compared with the cells 
without BAPTA. The reduced basal Ca 2÷ was reflected in 
the BAPTA inhibition of cAMP-dependent morphological 
transformation and cAMP-stimulated aminopyrine accu- 
mulation. Thus the responsiveness of parietal cells to 
Table 2 
Cytosolic free Ca 2÷ and cAMP in parietal cell stimulation 
Level of Morphology Aminopyrine accumulation 
second messengers (secretion i dex 
sub [Ca] + sub[cAMP] resting no 
sub [Ca] + bas[cAMP] resting no 
sub [Ca] + high[cAMP} re aing no 
bas [Ca] + sub[cAMP] resting no 
has [Ca] + bas[cAMP] resting no 
bas lCa] + high[cAMP] s.a. yes 
high [Ca] + sub[cAMP] s.a. no 
high [Ca] + bas[cAMP] s.a. yes/no '
high [Ca] + high[cAMP] s.a. yes 
Sub = sub basal: bz,, = basal; high = higher than basal: s.a. = stimulation- 
associated. 
• In rat parietal cells [cAMP] is lower that in other species [20]. In rat 
basal [cAMP] is therefore defined as sub[cAMP]. 
In pig cells a condition similar to sub[cAMP] is achieved by Rp-cAMPS. 
High [cAMP] is obtained by stimulation with histamine. DBcAMP or 
Sp-cAMPS. 
Sub[Ca] is achieved by inclusion of BARTA. 
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cAMP-dependent secretagogues seems determined not only 
by cAMP but also by cytosolic free Ca -~*. 
The basal cAMP level is low in rat parietal cells [20]. 
Therefore a rise of Ca-" +. like the one produced by gastrin, 
seems to require an elcvated cAMP level to be effective in 
aminopyrine accumulation [20]. The CaC*-ionophore 
A23187 increases intracellular Ca"* but appears much 
weaker in the stimulation of aminopyrine accumulation i
rat cells as compared with other species [8]. This resembles 
a weak stimulatory effect of gastrin in aminopyrine accu- 
mulation [18]. In a concentration range from 100 pM to 1 
p,M, A23187 failed to stimulate aminopyrine accumulation 
which contrasts the result in rabbit cells by Miehelangeli et 
al. [8]. The discrepancy might be a consequence of lower 
cAMP levels in rat [20] than in rabbit [33]. Indeed, when in 
rat cells the intracellular cAMP level was elevated the 
resulting stimulation was dose-dependently potentiated by 
A23187 in aminopyrine accumulation. 
Results reported by Negulescu et al. [10] and Michelan- 
geli et al. [8] indicated that BAPTA slightly inhibits the 
action of DBcAMP and 8-Br-cAMP although this was 
considered as non-significant. Results obtained in the pre- 
sent study, however, indicated that a decrease of basal 
Ca-'- by 10 ttM BAPTA inhibited by 70-100% the action 
of histamine and DBcAMP in the aminopyrine accumula- 
tion. Assuming that the effects of BAPTA is buffering 
cytosolic free Ca-'* without interfering with other intra- 
cellular systems, the inhibitory chelating action of BAPTA 
should be overcome by increasing Ca-'*. The inhibition of 
BAPTA on DBcAMP and histamine stimulated aminopy- 
rine accumulation was dose-dependently reversed by the 
CaC--ionophore A23187. Thus the reestablishment of the 
stimulatory effects of DBcAMP and histamine in the 
aminopyrine accumulation assay appeared to be associated 
with the increased Ca-'* due to the action of CaC"-iono - 
phore A23187. A hypothesis, for the parietal cell and 
maybe for other secretory cells then emerges, that certain 
levels of Ca -~- is required in concert with cAMP for 
cAMP-dependent cell activation, but also the reverse, that 
certain levels of cAMP is required in concert with Ca 2+ 
for Ca: *-dependent stimulation. 
Due to the existing basal cytosolic free Ca 2. levels, 
cAMP-dependent secretagogues appeared to be effective in 
stimulating aminopyrine accumulation [20] and morphol- 
ogy [19]. In the sequence of acid secretion in parietal cells 
cAMP-dependent pathways eem to play a role to switch 
on the acid pump [30] but Ca -~ ~ appears to be responsible 
for the morphological rearrangement [19]. Secretagogues 
inducing no or low Ca-signals like histamine [19]. DB- 
cAMP and Sp-cAMPS, however, are able to induce a 
stimulation associated morphology. One explanation could 
be that the basal cytosolic free Ca-'- is sufficient o trigger 
transformation upon cAMP-dependent s imulation. Indeed, 
BAPTA abolished the morphological transfonaations pro- 
moted by DBcAMP and $p-cAMPS. The c,~MP-depen- 
dent pathways appear to make the CaC"-dependent mecha- 
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nisms sensitive to the low concentrations of  'basal Ca "~+ ", 
i.e.. increasing the affinity for Ca-'". Rp-cAMPS.  on the 
other hand, had no effect on gastrin-induced morphological 
transformation. Therefore, morphological rearrangements 
appeared not to depend on the activation of  protein kinase 
A. 
Ca 2* has been sho~n to stimulate the activity of a 
calmodulin-dependent phospholipase A ,  and the fusion of  
H,K-ATPase-containing membrane vesicles isolated from 
pig gastric mucosa [11]. These results indicated the impor- 
tant roles o f  Ca 2" in parietal cell morphology. The activa- 
tion of  a Ca-'+-dependent phospholipase C was reported 
responsible for cell secretion in several secretory cells 
[34,35]. In the present investigation ot only the morpho- 
logical transformation but also the aminopyrine accumula- 
tion was inhibited by BAPTA which suggests that the 
morphological transformation requires Ca -'+ and is essen- 
tial in the acid secretory, process. Based on a series of  
investigations on isolated rat and pig parietal cells [18 -  
20.32] the relationships between the two major second 
messengers (Ca 2. and cAMP)  and parietal cell stimulation 
(morphological transformation and secretion) are summa- 
rized in Table 2. At some conditions, eg . ,  elevation of  
cytosolic free Ca -'+ with "sub-basal' cAMP.  the morphol- 
ogy associated with stimulation is completely uncoupled 
from secretion but it is understood that acid secretion 
requires both cAMP and Ca -'+ although the levels of  
interactions between the cAMP-  and Ca2+-dependent sys- 
tems remain to be explored. 
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